Abstract
INTRODUCTION
Necrotizing pancreatitis (NP) evolves in 15% to 25% of cases of acute pancreatitis [1] [2] [3] . It is a challenging clinical problem and despite great advances in the understanding of pathophysiology and management, the mortality rates in pancreatitis especially those with infected necrosis (IN) remain high [4] [5] [6] . Traditionally, open necrosectomy was the only tool available for surgical treatment of pancreatic necrosis. This was found to be associated with high mortality rates up to 40% [7] . With the understanding of the biphasic nature of the illness, the treatment of pancreatitis has undergone a paradigm change from early operative intervention to aggressive conservative management with avoidance of intervention as much as possible. The landmark paper by Besselink et al [8] in 2006 laid out the principles of "step up "approach to pancreatic necrosis. "Delay" the intervention, "drain" where possible by minimally invasive means and "debride" only when necessary became the pillars of management [9] . A multidisciplinary approach is now becoming the key to managing these patients [10] . These patients have long hospital stay and are a drain on the economic resources of the hospital as well as family. Morbidity can be extreme and happens in various forms.
On the background of the changes that have happened in the management of NP over the last decade we planned to review our prospective database to evaluate management of patients of NP. The aim was to determine percentage of patients in whom intervention was performed and the types of interventions they underwent. We attempted to identify the overall success rate of percutaneous catheter drainage (PCD) and to compare the outcomes of patients of step up necrosectomy to those of direct necrosectomy. Operative mortality, overall mortality, various forms of morbidity and treatment offered for the same, and overall length of stay was determined.
MATERIALS AND METHODS
After taking clearance from the institutional review board with a waiver of consent, a retrospective review of a prospective database of patients diagnosed to have acute pancreatitis admitted over a 7 years period between 2008 to 2014 was carried out. All patients having pancreatic necrosis were included in the study. Patients who had non-necrotizing acute pancreatitis, pancreatic pseudocysts, acute-on-chronic pancreatitis, those who took discharge against medical advice and in whom the data was incomplete, were excluded. We also excluded the patients who were referred late in the course of their illness from other hospitals after multiple interventions.
Epidemiological details regarding age, sex, etiology, interval between onset of attack and hospitalization, were noted. The APACHE Ⅱ scores and the percentage of necrosis was noted. The severity of the episode was categorized as per the revised Atlanta guidelines into moderately severe or severe [11] . The computed tomography severity index (CTSI) was noted [12] . The management of patients was reviewed. Patie-nts responding to conservative management with no further admissions were identified. In the rest, total interventions performed and indications for the interventions were noted. Intervention for abdominal compartment syndrome and endoscopic retrograde cholangiography with sphincterotomy and stenting if any was excluded. Interventions were categorized as those directed to pancreatic and perpancreatic necrosis and those performed for complications associated with necrosis or treatment. Timing of the primary intervention for the necrosis from the onset of illness was recorded. Patients undergoing necrosectomy were categorized into those with step-up necrosectomy and those with direct retroperitoneal or anterior necrosectomy. These two categories were compared for timing of intervention, mortality and hospital stay. Mortality in operated patients and the overall mortality was studied. Cause of death and timing of death in relation to onset of the attack was noted. The morbidity was recorded in terms of bowel fistulation, bowel obstruction and hemorrhage. The interventions required for the same were noted. Total duration of hospital stay was noted.
Treatment protocol
Intensive early management is instituted in all patients suspected to have severe acute pancreatitis. Adequate fluid resuscitation, oxygenation, electrolyte maintenance, pain relief are given. Great emphasis is placed on caloric support and early naso-jejunal feeding is instituted as soon as possible. In addition, chest physiotherapy and supplemental tapping of pleural fluid when necessary are used as measures to keep the oxygen saturation above 97%-98%. Ventilatory support is used whenever necessary.
Interventions for the pancreatic necrosis are avoided in the early period. Release of abdominal compartment is performed in the early phase when indicated, but there is no attempt to open the lesser sac at this stage. If patients respond to conservative management, no further intervention is planned. They are discharged once they are hemodynamically stable and enteral nutrition is established.
If there is suggestion of IN in the form of rising white cell count, febrile episodes not related to other sources (central venous catheters or pulmonary consolidation), tachycardia, tachypnea, sicker patient with weight loss, or evidence of gas in the area of necrosis on contrast enhanced computed tomography (CECT) scan (Figure 1 ), then intervention is planned based upon the principles of step-up approach. The approach to IN in order of preference is: (1) Image guided catheter through the flank directly into the retroperitoneum with step-up to retroperitoneal necrosectomy, if required; (2) direct retroperitoneal necrosectomy (video 1); (3) image guided catheter through anterior abdominal wall followed by focused anterior necrosectomy, if required (4) direct anterior laparotomy with necrosectomy and closed lavage of lesser sac. Open Abdomen approach is used in extreme cases. Irrespective of the approach, we try to enter the necrosis through minimal dissection. During necrosectomy, the loose necrotic tissue is removed and sharp dissection is avoided. The necrotic tissue sometimes is delivered as a cast (Figure 2 ) or piecemeal ( Figure 3 ). The cavity is flushed with copious amount of warm saline which removes as much nonviable tissue as possible. This is followed by placement of an indigenously created irrigation system where a 12 Fr Ryle's tube is inserted into a 32 Fr abdominal tube drain through a side cut near its outer end. The number of drains depends upon the space available. The necrotic cavity can be irrigated through the Ryles' tube and the fluid is allowed to return through the tube drain. Because the drain is placed deep within the cavity, general peritoneal contamination is avoided even in anterior necrosectomy. Any overflow of fluid into the peritoneal cavity is removed by another drain placed in the pelvic cavity. Postoperatively, the intra-cavitary Ryles' tube is used to lavage the cavity till all the solid necrotic elements are removed with further liquefaction. The lavage is performed either continuously or at intervals. The irrigation is discontinued when the drain stops showing pieces of solid debris or purulent fluid. When patients with presumed sterile walled off necrosis (WON) have symptoms like gastric outlet obstruction, failure to thrive or pain, depending upon the thickness of the wall of the necrotic sac, percutaneous drainage by catheters or trans-gastric debridement with cysto-gastrostomy for internal drainage is performed. In some cases, intervention is required due to obstruction of the bowel or suspected bowel fistulation. Bypass of the obstructed bowel and proximal diverting enterostomy is performed accordingly. Hemorrhage within the necrotic area is another indication for intervention. Trans-catheter embolization is used as the first choice of treatment for such cases.
RESULTS
During the 7 year period amongst all patients of acute pancreatitis (n = 276), 84 were identified as NP. Seven patients were excluded as per the exclusion criteria. The baseline characteristics of the patients included in the study (n = 77) are given in Table 1 . Forty-seven patients (61%) responded to conservative management and required no further intervention during that admission or later.
A total of 41 interventions were carried out in 30 (39%) patients. The details of intervention are given in Table 2 . Of these 41 interventions, 32 interventions targeted the pancreatic necrosis while 9 were required for dealing with the complications of the necrosis.
Indications for intervention were infection (n = 30), bowel obstruction (n = 1), bowel fistulization (n = 6), hemorrhage (n = 2), persistent organ failure (n = 1), pain, failure to thrive (n = 4). The interventions were chiefly surgical and radiological. Image guided PCD and embolization were the radiologic interventions.
PCD was performed in 9 patients for IN based upon the inclusion criteria. In all these patients a step-up necrosectomy was required. In 3 patients PCD was performed for indication other than infection where a 100% result was achieved and no other intervention was required. Thus the overall success rate for PCD was 25% (3/12).
Direct retroperitoneal necrosectomy (n = 3) or anterior necrosectomy (n = 12) was performed in 15 patients. Thus necrosectomy was required in 24 patients in all, 9 following PCD (step-up) and 15 without prior catheter drainage (Non step-up). All these were cases of IN. On comparing these two groups, the average time to first intervention was 19.6 d in the non step-up group (range 11-36) vs 18.22 d in the stepup group (range [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The average hospital stay in non step-up group was 33.3 d vs 38 d in step up group. The difference between the two groups using the T-test was non significant for both these parameters. The mortality in the step-up group was 0% (0/9) vs 13% (2/15) in the non step up group. Using the fischer's exact test, the difference was statistically not significant (P = 0.5). In all, 6 interventions were performed in first 2 wk compared to 18 in over 2 wk. Both the operative deaths occurred in patients undergoing direct necrosectomy within the first 2 wk though the difference was not statistically significant. In all patients after necrosectomy, closed lavage of the lesser sac was performed for an average duration of 16.5 d with a range of 12 to 32 d.
In 5 patients intervention was required for large persistent symptomatic WON without evidence of infection. Depending on the wall maturity they underwent either trans-gastric debridement and internal drainage of the necrosis in the form of cysto-gastrostomy (n = 2, 1 laparoscopic) or PCD (n = 3) (Figure 2 ) under image guidance. The average time for intervention in these patients was 60 d with a range of 42-90 d. These patients had an average post-intervention stay of 7.4 d.
Morbidity was seen in the form of bowel obstruction in 3 patients. In 2 cases, transient colonic obstruction occurred with air fluid levels on X-ray Abdomen. In both cases, it resolved with extended conservative management. One patient of duodenal obstruction required a duodenojenunostomy.
Bowel fistulation was apparent in 4 patients spontaneously and in 2 patients after a necrosectomy (one each from the retroperitoneal and anterior necrosectomy group). A proximal diversion was carried out in all these patients. The diverting stoma was closed in all patients 5-6 mo later without any further morbidity. Hemorrhage of visceral artery pseudoaneurysm occurred in 2 patients which was treated by radiologic embolization. Overall mortality 10.38%. Five patients succumbed within first 4 d due to fulminant respiratory failure (n = 4) and sudden severe hemorrhage within pancreatic necrosis (n = 1). In the remaining 3 patients, the cause of death was new onset respiratory failure in the second week (n = 1) and sepsis with multi-organ failure (n = 2). 
DISCUSSION
Gallstones and alcohol are the commonest causes of pancreatitis worldwide, with gallstones having a larger role in the western population [13] . In Indian population alcohol is a more common etiological factor as seen in previous studies [14] . The revised Atlanta guideline of 2012 stratifies patients in three categories: Mild, moderately severe and severe depending upon the presence or absence of necrosis and transient or persistent organ failure. Moderately severe pancreatitis was proposed by Vege et al [15] who identified the large group of such patients in their patient population. We find similar distribution in our patients, with a nearly 77% of patients in the moderately severe category.
At the onset of the attack, it is difficult to determine the subgroup of patients likely to develop significant pancreatic necrosis. Since pancreatic necrosis increases mortality significantly, diagnosing it is imperative in management. CECT is the gold standard for diagnosing NP and is especially helpful if done after the 4 th to 5 th day of onset [13] . Studies have demonstrated that AP patients with a CTSI higher than 5 had 8 times higher mortality, 17 times more likelihood of a prolonged hospital course and were 10 times more likely to require necrosectomy than those with CTSI score < 5 [16] . In our study group, more than 50% of pancreatic necrosis was seen in 38 patients and in additional 27 patients it was near total necrosis. This is also indicated by the high CTSI (average 8) in our patients. Clinically, this can lead to more local complications. Exclusively Peri-pancreatic necrosis was seen in 3 of our cases.
Due to better understanding of the initial systemic inflammatory response phase, the focus of initial management has shifted to an aggressive conservative one. Standard protocol for management should be established for all suspected cases of acute pancreatitis even before stratifying the patients. A significant number of patients respond to this management. In our series, 61% patients completely settled with conservative treatment and did not need any intervention either in the same admission or later. The role of intervention in NP is becoming more refined. With studies showing that early surgery is associated with higher mortality and that a large number of patients will respond to conservative management [1, 17] , the current recommendation is to delay the intervention to as late as possible.
Early intervention is required most often for IN. The mortality increases from 5%-25% in patients with sterile necrosis to 15%-28% when infection occurs [13] . Issues in managing IN are threefold. First issue is establishing the diagnosis of infection. A definite diagnosis requires Fine needle aspiration from the necrosis with gram staining. However with many studies showing recovery of some patients of IN with conservative management, the role of FNA is increasingly limited [18] . We have never used FNA to detect infection in the necrosis. Clinical signs can raise suspicion of infection and the CT scan may sometimes reveal air inside the necrotic area.
The second issue is the timing of intervention. IAP guidelines of 2002 recommended avoiding intervention till 14 d for better outcomes [19] . Subsequent studies have recommended further delaying this to the 28 th or 29 th day [20] . This is highly desirable as by this time the systemic inflammatory response subsides and patients are in a better condition to withstand interventions. The risk of iatrogenic injuries and hemorrhage becomes less as the necrosis is well separated from viable tissue [21] . The definition of delay varies between studies [19, 22] . However, prolonging intervention beyond a certain time may entail overuse of antibiotics, increased incidence of resistant organisms as well as fungal superinfections [23, 24] . In our patients, the average time to first intervention for IN whether radiological or surgical was 19.21 d, with the earliest intervention being the 12 th day. Balancing this decision to intervene at the right time before the patient becomes too ill for any recovery is a clinical challenge. Though we have not found statistically significant difference between the mortality when intervention was performed below 2 wk and over 2 wk, it is still important to note that both the operative deaths occurred when procedure was performed in the first 2 wk. The third issue in managing IN is the approach. IN till recently was considered as an indication for a traditional necrosectomy. However, this approach also has the reputation of being very morbid with a high mortality rate upto 40% [7] . Newer minimally invasive modalities have evolved over the last few years with an aim to reduce this morbidity and mortality. The step-up approach described by Santvoort et al [25] , has changed the management of IN. Image guided PCD either through the retroperitoneal or transabdominal route now plays an important role as the first line drainage in IN. The success rate of PCD in IN varies and ranges from 0% to 78% [25, 26] . In a metaanalysis, including 384 patients from 11 studies of PCD as a primary treatment for NP, surgical necrosectomy could be avoided in 56% of the patients and the overall mortality rate was 17% [27] . The incidence of IN in this group was 71%. Thus, PCD either causes sepsis reversal or allows complete recovery avoiding surgical intervention [23] . In 9 patients with clinically suspected IN we used PCD as the first line of management. In all these patients, a step-up necrosectomy was later required. So, our success rate for complete drainage was 0% in IN. However sepsis control was achieved and it allowed delay of surgery. The catheter tracts were used to perform focused necrosectomies. This allowed smaller incisions and prevented contamination of the general peritoneal cavity. The average time to insertion of PCD in the 9 patients with IN was 18.22 d.
Though it is desirable to use step-up approach in all patients of IN, it is sometimes not feasible to do so due to the morphology of the local area or lack of expertise. In such an event direct necrosectomy (retroperitoneal or anterior) may sometimes be necessary. We had to perform a direct necrosectomy in 15 patients. We prefer the retroperitoneal route to access the necrosis through the lienorenal ligament. The video assisted (VARD) or minimal access (MARPN) retroperitoneal necrosectomy is widely described mode for retroperitoneal necrosectomy. We have used the direct retroperitoneal access via a flank incision. This is possible when the inflammatory fluid tracks along the lienorenal ligament. This approach has the advantage of avoiding incisions on the abdominal wall thus reducing the chances of later wound dehiscence, hernia and pulmonary complications [28] . A retrospective analysis of 394 patients undergoing minimal access retroperitoneal necrosectomy compared with open necrosectomy showed MARPN to be superior in terms of postoperative complications and outcome [29] . Both MARPN and VARD have been shown at times to need open necrosectomy for better drainage. We have performed retroperitoneal necrosectomy in 3 patients as a step-up procedure and in 3 patients primarily and there was no further need for traditional necrosectomy in any of these patients. This approach should be used whenever feasible.
When the retroperitoneal route is not possible, anterior necrosectomy is performed. Historically traditional necrosectomy is associated with high morbidity and mortality rates. However, this needs to be reviewed in view of newer concepts of delaying intervention to at least 3 rd week [27] . The average timing from onset to direct necrosectomy (both retroperitoneal and anterior) in our group of patients was 19.67 d.
Direct Endoscopic trans-gastric necrosectomy (DEN) is now performed across various centres to treat infected WON [30] . Using DEN, a stoma is created endoscopically between the enteric lumen and the necrotic collection, which allows for an endoscopic necrosectomy. There is no clarity in literature about the patients selected for this intervention. Current literature suggests that DEN is a less invasive and less risky alternative to open surgical necrosectomy for managing infected WON and infected pseudocyst with solid debris [31] . Two randomized trials have resulted in a high success rate at the beginning [32, 33] . We have not used endoscopy as a modality in any of our cases. We are skeptical about transgressing the gastric lumen to enter into an area of IN with inadequate demarcation and increased vascularity. There are other limitations of endoscopic procedure as well, namely inadequate drainage and closure of the communication.
Our results with direct necrosectomy with postoperative lavage have been very good. We have performed anterior necrosectomy in 12 patients with no prior PCD with a mortality of 16.66%. The overall mortality in all patients undergoing necrosectomy with or without prior catheter drainage is 8.3%. This shows that inspite of newer minimal invasive modalities, there is still a role for traditional surgical intervention as also voiced by Gou et al [34] . The best sub-group of patients is those who respond to conservative management and then follow-up later after a period of 2-3 mo with a persistent symptomatic WON. In this group, a trans-gastric necrosectomy with internal drainage by cysto-gastrostomy offers a perfect single step cure if the wall is mature. This internal drainage can be performed by standard open technique, laparoscopically or by endoscopic route depending upon the local expertise available [35, 36] . The results from any of these modalities are comparable [36] . We had the opportunity to perform this procedure for WON only in 2 of our 77 patients. In one of them, it was performed laparoscopically. In the same subset, when the wall of WON is not mature and the content is more fluid, PCD can effectively drain most of the necrotic fluid. In three of our patients, we used this approach. Whether such cases with intermediate characteristics can be treated with endoscopic cysto-gastrostomy is question which may need randomized controlled trials to establish the answers [1] . In sterile necrosis, the mortality has been shown to be time dependent after intervention and nearing 0% by the stage of sterile WON [35] . The mortality of NP has a bimodal pattern [37] . Early deaths (within the first week) occur due to severe systemic inflammatory response leading to organ failure. In our series there were 4 early deaths related to uncontrolled respiratory failure. One death occurred due to sudden severe hemorrhage in the pancreatic necrosis on day 6 of admission. Late mortality (occurs after 2 to 3 wk) is secondary to sepsis related organ failure. Three of our patients succumbed to multi-organ failure secondary to sepsis late in the course of illness.
In one patient there was a new onset respiratory failure on day 12 which led to death. This new onset organ failure led us to intervene in this patient with a traditional necrosectomy, which was probably avoidable. All the patients who died were severe pancreatitis. The overall mortality rate is 10.38% in our patient group. Patients of NP have high morbidity. This exists in terms of bowel obstruction, fistulation, hemorrhage, extended hospitalization. Colonic complications associated with pancreatitis occur infrequently (< 1% of cases). These can vary from reactive ileus to severe obstruction, necrosis or perforation [10] . Two of our patients had colonic obstruction with air fluid levels and both these patients responded to conservative management. Duodenal obstruction was encountered in one patient which persisted even after necrosectomy and required duodeno-jejunal bypass.
Bowel fistulation was seen in 6 patients requiring diversion stoma. Fistulation into the bowel can happen spontaneously due to severe inflammation or can be iatrogenic after extensive debridement. It is imperative that the necrosectomy is done with utmost care to prevent iatrogenic injury to bowel. Sharp dissection should be avoided and only loose nonviable tissue should be removed. Hydro-dissection is a good way to improve scope of necrosectomy compared to sharp dissection. High index of suspicion is required for the possibility of bowel fistulation. Early decision for proximal diversion helps reduce the morbidity.
Gastroduodenal or pancreaticoduodenal artery pseudo-aneurysms occur after significant inflammation of the pancreas and can lead to hemorrhage, which has been reported in 2.4% to 10% of cases [38] . Embolization is the treatment of choice. This was seen in two patients and radiologic embolization was successful in both. Patients of NP pose a significant financial burden on the healthcare systems. Multiple interventions may be required and this increases the hospital stay significantly.
In management of NP, early conservative management plays an important role. Having a standard management protocol is essential. In about 60% cases, conservative management is successful. In the rest, multidisciplinary management is required for the best outcome. Approach used, timing of intervention is based upon the clinical condition and local expertise available. Delayed intervention using minimally invasive techniques is desirable. The step-up approach should be used whenever possible. Using image guided PCD to reduce the sepsis followed by necrosectomy is desirable. The outcome of step up approach and direct surgical approach is comparable if intervention is delayed. Interventions for bowel diversion, bypass and hemorrhage control should be done at the appropriate times. An overall mortality of 10.38% is achieved by following all the above principles which is a very low figure. Good outcome of the patient is the primary objective.
COMMENTS

Background
Necrotizing pancreatitis is a challenging clinical condition. At present, avoiding surgical intervention whenever possible and using various minimally invasive modalities if intervention is absolutely necessary are the chief practice guidelines. Different centres have their own protocol for treating these patients and the modality that a particular centre will follow depends upon the expertise available. The outcome of the patient is most important. It is essential to have published data from various centres in order to know the different modalities followed.
Research frontiers
Currently, minimal invasive retroperitoneal necrosectomy and endoscopic approach to pancreatic necrosis are being researched widely. Also, the subgroup of patients with infected necrosis who can be treated without intervention is also an area of research. There are papers evaluating outcomes with operative necrosectomy and comparing them with minimal invasive necrosectomy.
Innovations and breakthroughs
Most of the techniques are standard techniques described in literature. One essential modification the development of an indigenous sump drain system whereby small ryles' tube is inserted into the larger drain which is then used as a continuous irrigation system. Also, the focused abdominal necrosectomy, which uses the previously placed pigtail catheter is used to enter the area of necrosis is an important advance to keep the procedure less invasive.
Applications
Every patient of pancreatitis needs to be approached with a tailored management. Initial conservative management should be standardized. Whenever intervention is required, one should apply the various minimally invasive modalities whenever feasible. Operative necrosectomy should not be withheld in case such expertise is not available. Principles of appropriate delay should be followed strictly. If local conditions are not conducive for minimal invasive procedures, in such cases also operative necrosectomy may be offered. Comparative studies between minimal invasive necrosectomy and operative necrosectomy may be planned as multicenter studies.
Terminology
All terms used in the paper are standard terms well known to physicians dealing in patients of acute pancreatitis.
Peer-review
This manuscript shows the valuable experience of a tertiary referral center on severe acute pancreatitis.
